DNA single-strand breaks (SSB) have been implicated to play important roles in the regulation of cell proliferation [36, 41] , cell differentiation [2, [8] [9] [10] and cell death [6, 14, 15, 17, 18, 43] . Actually, we have previously found that ultraviolet light (UV) irradiation induces the differentiation of HL-60 cells to acquire NBT reducing activity [31] . Also, it has been found that human peripheral blood lymphocytes are transiently activated by UV-irradiation to express a set of genes including PCNA [31] . Since UV-irradiation induces SSB transiently when the pyrimidine dimers are excised and repaired [33] , the results seemed to support the hypothesis that the occurrence of SSB is involved in the alteration of gene expression. For a better understanding of the biological significance of SSB, it seems essential to correlate the occurrence of SSB with the changes in physiological states of each cell. In spite of its apparent importance, however, only a few efforts have been made to analyze the occurrence of SSB at the level of individual cells.
In order to analyze the occurrence of SSB directly at a level of individual cells, in situ nick translation (ISNT) could be a powerful tool [8, 19, 29] , one which was originally developed to investigate the region of actively transcribed chromatin [14, 22] and was performed with radioactive compounds. However, the radioactive ISNT is generally time-consuming and expensive, and it is hard to localize the sites of nicks precisely on the subnuclear basis. That is why, more recently, the application of nonradioactive ISNT has become common [7, 13, 18, 24, 35, 42] . Furthermore, the needs for such a technique have recently been increasing rapidly in the particular field dealing with apoptotic cell death, which is characterized by a special occurrence of DNA strand breaks in the early stage of cell death commitment [6, 37, 43] . Therefore, now it seems appropriate to review the recent findings in this 71 Presented in part at the symposium on "Application of Genetic Technology to Histochemistry" on Sept. 9, 1995, at the 36th Annual Meeting of the Japan Society of Histochemistry and Cytochemistry held in Sapporo, Japan on Sept. 9 & 10, 1995. methodology, as one aspect of molecular histochemical methods [27] .
In this article, I will describe the details of the methodological aspects of nonradioactive ISNT, including the recommended protocol. Subsequently, I would like to demonstrate the presence of two types of SSB through a variety of examples, and finally to stress the potential usefulness of ISNT in the biomedical research field. II SSB (protease-dependent type). In addition, the nuclei of nerve cells, skeletal muscle cells and chondrocytes were intensely stained for SSB without the protease treatment.
Iseki [19] reported the cellular distribution of SSB in various rat tissues by ISNT, where the signals in proliferative cells such as spermatogonia and intestinal epithelial cells in the crypt parts were specifically detected without protease treatment.
The results seemed apparently contrasted to ours and the controversy may be explained by the difference between the fixatives; he used ethanol/ acetone (1 : 1, v/v), instead of ethanol/acetic acid. Actually, it was known that when tissue sections were fixed with ethanol/acetone, the tissue DNA turned to be insensitive to DNase I digestion, indicating that the fixative may •100.
cause drastic structural changes in chromatin [19] . In addition, Kishimoto et al. [24] reported that the combination of acidic fixative such as ethanol/acetic acid and following air-drying caused artificial DNA injury. However, our results revealed that acidic fixative in itself was not a cause of the DNA injury. time-points, an aliquot of cell suspension was centrifuged onto gelatin-coated glass slides by Cytospin (Shandon: Southern Products, USA), as detailed previously [30] . During the repair process of DNA damages induced by UV irradiation, SSB are supposed to occur transiently in human PBL. The Cytospin preparations were processed for SSB detection by ISNT, as described above.
As shown in Fig. 5 , no detectable level of SSB was observed in the normal resting PBL, irrespective of the protease treatment. Two hr after UV irradiation, the signal for SSB appeared in the nuclei of PBL and the staining was not dependent upon proteinase K digestion, while the protease treatment resulted in an increase in the intensity of the staining. One day after UV irradiation, most of the staining for SSB disappeared.
As a matter of fact, there are many conflicting reports on the presence of SSB in resting human PBL [3, 4, 16, 20, 21, 38] . For the first time, Johnstone and Williams [20] reported the presence of SSB in resting PBL by means of the nucleoid sedimentation technique, and insisted that the SSB must be ligated prior to re-initiation of proliferation in response to lectins. Later, although the results were confirmed by Greer and Kaplan [16] and Prasad et al. [38] , the other groups failed to demonstrate the presence of SSB by different methods [3, 21] , strongly arguing that the SSB are illusional and an artifactual product by the nucleoid sedimentation technique. As shown here, the histochemical approach with ISNT, never used for this subject, has clearly presented the absence of SSB in PBL, in consistent with the results of Boerrigter et al. [3] and Jostes et al. [21] .
VI.
Recent least in these particular cases, no difference in proteasedependency of signals of DNA strand breaks between apoptosis and necrosis. In addition, Gold et al. [13] reported that early stages of necrosis were preferentially detected by ISNT, whereas in situ TdT was slightly more sensitive for the detection of apoptosis. VIII.
